It is believed that on coral reefs the consumption of epilithic algae by herbivorous fishes and invertebrates is the primary mode of energy transfer (Hatcher 1983) . However, many of the coral reef fish that feed on the epilithic algal community also ingest detritus and associated micro-organisms (Choat 1991) and it is possible that these detrital aggregates are an important component of fish diets. Consequently, epilithic algal communities represent a complex of potential dietary sources that may be more accurately described as the epilithic algal matrix (EAM) (Wilson & Bellwood 1997) . Detritus collected from the territories of fishes that feed on the EAM contains a large proportion of the organic matter and nitrogen available to fish (Wilson & Bellwood 1997 , Wilson 2000 ; however, it is yet to be established if detritus ingested by coral reef fish is assimilated. Consequently, the value of dietary detritus to fish and its role in coral reef trophodynamics remains equivocal.
In fish, lipids rather than carbohydrates are the major source of energy reserves (Cowey & Sargent 1977) .
Lipids can be obtained directly from the diet or synthesised de novo by the fish, although some fatty acids are considered essential and must be obtained through the fishes diet (Bell et al. 1986) . By comparing the fatty acid content of fish with available dietary items, it is possible to get an indication of which fatty acids and dietary items are being assimilated. Experiments with specific fatty acid biomarkers and ratios of fatty acids have previously been used to demonstrate the movement of energy from microalgae (Fraser et al. 1989 , Klungsoyr et al. 1989 , bacteria (Ederington et al. 1995 , Goedkoop et al. 1998 ) and copepods (Gatten et al. 1983 ) through the food chain. These biomarkers and ratios have also identified components of fish diets (Fraser et al. 1989 , St John & Lund 1996 , Saito et al. 1999 ) and therefore comparisons of fatty acid biomarkers in detritus and filamentous algae with fish tissues may help identify which of these EAM components fishes assimilate.
The salariin blennies represent a substantial proportion of coral reef fish communities that feed on the EAM (Townsend & Tibbetts 2000, Wilson in press) and may play an important role in reef trophodynamics. Blennies predominantly ingest detrital aggregates with some filamentous algae, which represent the 2 major sources of organic matter available to these fishes (Wilson 2000) . By comparing the essential fatty acids and dietary biomarker content of fish tissues with detritus and filamentous algae collected from the territories of a representative blenny species, Salarias patzneri, this study will qualitatively assess the extent to which detritus or filamentous algae satisfy the lipid requirements of this fish. This will provide a new perspective on the potential assimilation of detritus and filamentous algae by blennies, and indicate if ingested detritus is used as a dietary resource by coral reef fishes.
Methods. Six Salarias patzneri were collected from the Lizard Island lagoon (14°42' S, 145°30' E) during August 1998 (Austral winter) and another 6 during February 1999 (Austral summer). All S. patzneri were ABSTRACT: The composition of essential fatty acids and biomarkers in the tissues of the blenny Salarias patzneri were compared to those in detritus and filamentous algae collected from S. patzneri territories in order to assess the relative contribution of these 2 resources to the diet. mature males, with a minimum total length of 35 mm. They were collected using the anaesthetic clove oil and sexed by examination of the genital papillae. A sample of the detritus and algae from within each S. patzneri territory was collected 10 to 15 min before each fish was caught. Detritus and algae samples were collected using an underwater sampler (Purcell 1996) and followed the technique of Wilson (2000) . This produced detritus samples that were predominantly composed of detrital aggregates, which were defined as a combination of non-living amorphous organic matter with heterotrophic and autotrophic microbes (Bowen 1979) . The algal samples were observed under a dissecting microscope and found to contain predominantly filamentous algae from the Rhodophyta, Chlorophyta and Phaeophyta. After collection, the alimentary canal of each fish was removed to prevent contamination from ingested items, then all samples and fish were frozen and freeze dried to obtain dry weights.
Freeze dried samples were ground in a glass mortar and pestle, and lipids were extracted following the technique of Bligh & Dyer (1959) . The extracted lipids were filtered through combusted GF/C filter paper to remove particulate matter, concentrated by rotary evaporation and stored in 2 ml vials. To estimate total lipid content, a 10 µl aliquot was taken from the total lipid extract, the solvent evaporated on a hotplate set at 30°C and the remaining lipid weighed on a Perkin Elmer microbalance. Total lipid content was calculated from an average of 3 or 4 aliquots and expressed as a percentage of dry weight.
A portion of the remaining extract (0.5 ml) was saponified and fatty acids methylated following the protocol of Nichols & Espey (1991) to form fatty acid methyl esters. Fatty acid methyl esters were analysed on a Carba Erba® GC8000 GC-FID instrument (Milan, Italy) equipped with a DB-5MS column, 30 m × 32 µm in diameter (J and W Scientific, MA, USA) using ChromCard™ software. Samples were injected into a cold on-column injector and identified by comparing sample retention times to those of authentic standards (Sigma™). Several samples were also analysed on a Hewlett Packard 6890 GC/MS system (Philadelphia, PA, USA) with the same capillary column. Mass spectra were used to confirm peak identifications and identify the structure of any unknown peaks. Complete procedural blanks and surrogate standards (23:0) were used to assess contamination and compound recoveries. Results from detritus and algae samples are a subset of results from Wilson et al. (2001) .
The percentage of essential fatty acids and fatty acids that have previously been used as dietary biomarkers and were present in Salarias patzneri tissues, detritus and algae samples were compared using MANOVA. Sample type (S. patzneri, detritus and algae) and seasons (summer and winter) were entered as fixed factors and data were arcsine or log 10 (x + 1) transformed before analysis to meet the assumptions of MANOVA (Zar 1999) . Two-way ANOVAs in conjunction with Tukey's HSD (Honestly Significantly Different) were used as post hoc tests to assess any significant differences. Sequential Bonferonni corrections were applied to alpha levels to minimise the probability of type 1 error, whilst maintaining relatively high statistical power (Rice 1989 ). Fatty acid percentages or ratios that differed significantly between detritus and algae samples were presented graphically, as they had the potential to determine the source of dietary lipids for S. patzneri.
Results. The total lipid and fatty acid content of Salarias patzneri did not vary greatly between samples collected during the summer and winter (Table 1) . The predominant fatty acids in fish collected during the summer were: 16:0, 22:6ω3, 20:5ω3, 22:5ω3, 18:1ω9 and 16:1ω7, whilst in the winter 16:0, 22:6ω3, 20:5ω3, 16:1ω7, 22:5ω3 and 18:1ω9 were the major fatty acids in descending order of abundance. Polyunsaturated fatty acids (PUFA) were the main fatty acids in fish samples collected during both seasons, accounting for approximately half of all the fatty acids. Detritus samples collected from S. patzneri territories during the summer and winter are dominated by the fatty acids 16:0 and 16:1ω7, and together accounted for approximately 60% of all fatty acids in these samples. Algae samples collected from S. patzneri territories were dominated by 16:0, 14:0 and 18:1ω9, which when combined accounted for approximately 70% of all fatty acids in algae samples. Saturated fatty acids were the main type of fatty acids in both detritus and algae samples.
Essential fatty acids and fatty acids that have previously been used as indicators of diet, and were identified in Salarias patzneri tissues, detritus and algae samples, are listed in Table 2 . The percentage/ratio of these fatty acids was significantly different in S. patzneri tissues, detritus and algae samples (Pillai's trace, p < 0.001), and between samples collected during the summer and winter (Pillai's trace, p = 0.004). However, there was no significant interaction between sample type and season. Post hoc ANOVAs indicated significant differences in the percentage/ratio of all essential fatty acids and dietary biomarkers between the different sample types (Table 2) . Of these, only the 16:1ω7/16:0 ratio and percentages of 18:2ω6 and 22:6ω3 were significantly different in detritus and algal samples and therefore potentially useful in assessing the source of S. patzneri dietary lipids.
The 16:1ω7/16:0 ratio and percentage of 18:2ω6 in Salarias patzneri tissues and detritus samples were both very similar. However, high concentrations of 16:1ω7 relative to 16:0 in detrital and S. patzneri tissues meant the 16:1ω7/16:0 ratio in these samples was significantly higher than algal samples, whilst the percentage of 18:2ω6 in S. patzneri and detritus was significantly lower than in algal samples (Fig. 1) . The percentage of 22:6ω3 in S. patzneri tissues was also much greater than in detritus samples, which was greater than in algal samples (Fig. 1) . The percentage/ratio of the remaining fatty acids were similar between detritus and algae samples. The percentage of 20:5ω3, 20:4ω6 and the ω3/ω6 ratio were, however, significantly greater in S. patzneri tissues than detritus and algae, and the sum of branched fatty acids was significantly lower in S. patzneri tissues than either detritus or algae. The ω3/ω6 ratio and percentage of 22:6ω3 in all sample types was also greater in samples collected during the summer.
Discussion. Significant differences in the 16:1ω7 to 16:0 ratio in detritus and algal samples, and the relatively high percentage of these 2 fatty acids in all samples suggests that this ratio is a suitable biomarker for assessing if lipids in Salarias patzneri tissues are assimilated from detrital aggregates or filamentous algae.
The ratio of 16:1ω7 to 16:0 has previously been used as an indicator of diet in krill (Virtue et al. 1993 ) and fish (St John & Lund 1996) , and high levels of 16:1ω7 in body tissues used as dietary biomarkers in copepods Table 2 . Essential fatty acids and fatty acid ratios that have previously been related to diet and were identified in Salarias patzneri tissues, detritus and filamentous algae. Values are summary statistics from ANOVAs comparing fatty acid content/ratio in S. patzneri tissues, detritus and algae samples. *Significant difference after sequential Bonferroni adjustment to alpha levels (Graeve et al. 1994 ) and midges (Goedkoop et al. 1998) . The similarity of 16:1ω7 to 16:0 ratios in S. patzneri tissues and detrital samples collected from their territories in the summer and winter strongly suggests that the dietary lipids in S. patzneri are primarily assimilated from detritus. Furthermore, the significantly lower ratio of 16:1ω7 to 16:0 in algal samples suggests that the direct contribution of filamentous algae to lipids within S. patzneri tissues is limited. An increase in the relative concentration of 16:1ω7 in Salarias patzneri tissues and detritus compared to the filamentous algae could be due to the presence of diatoms in detritus samples. Diatoms are known to have high amounts of 16:1ω7 (Volkman et al. 1989 , Viso & Marty 1993 and it is estimated that they account for up to 18% of the organic matter in sediments collected from S. patzneri territories (Wilson et al. in press) . High concentrations of 16:1ω7 in acanthurids that feed on the EAM have also been used to implicate diatoms as a dietary resource for these fish (Montgomery et al. 1999) and it has been shown that larval cod fed diatoms increase the ratio of 16:1ω7 to 16:0 in their body tissues (St John & Lund 1997) . High concentrations of 16:1ω7 in detritus and S. patzneri tissue relative to algae may, therefore, be an indication that diatoms are an important constituent of the S. patzneri diet. The ratio of 16:1ω7 to 16:0 in S. patzneri tissues and detritus samples is, however, much lower than usually observed in diatom cultures (Volkman et al. 1989 , Viso & Marty 1996 . The similarity of this ratio in S. patzneri tissues and detritus samples infers that it is both the detrital aggregates and diatoms within these aggregates that are assimilated, rather than just the diatoms.
Detritus collected from Salarias patzneri territories also contained fatty acids that are indicative of bacteria. Many bacteria have a high 16:1ω7 content (Wilkinson 1988) and it is possible that they are a source of dietary lipids for S. patzneri. Bacteria are often characterised by branched fatty acids, which have previously been used as trophic biomarkers to indicate the movement of energy from bacteria through the food chain (Ederington et al. 1995 , Goedkoop et al. 1998 . It has been hypothesised that bacteria are a dietary resource for detritivorous reef fishes (Choat & Clements 1998) , a suggestion supported by the presence of branched fatty acids in S. patzneri tissues. This implies that lipids from bacteria are assimilated; however, these bacteria biomarkers accounted for less than 0.1% of the total fatty acids in S. patzneri tissues, much less than the 0.6 to 0.9% seen in detritus or 0.6 to 0.7% seen in filamentous algae samples. Furthermore, bacteria are unlikely to contain polyunsaturated fatty acids (Jantzen & Bryn 1985) , which accounted for approximately half of the total fatty acids in S. patzneri tissues. Consequently, it seems improbable that bacteria are a major source of dietary lipids for S. patzneri.
The other fatty acids that had significantly different percentages in detritus and algal samples were 18:2ω6 and 22:6ω3. The fatty acid 18:2ω6, in conjunction with others, has previously been used as a dietary marker in crustaceans, fish, seals and river dolphins, and has been used to identify seagrass and angiosperm detritus in the diet (see Napolitano 1999) . The 18:2ω6 fatty acid is usually a minor component of diatoms (Volkman et al. 1989 , Viso & Marty 1993 and is often more prevalent in macroalgae (Johns et al. 1979 , Vascovsky et al. 1996 . A relatively low percentage of 18:2ω6 in S. patzneri tissues and detritus samples, and a significantly higher percentage in algal samples, therefore supports the 16:1ω7/16:0 data which suggest that detrital aggregates are the major source of dietary lipids for this species.
The major PUFA in Salarias patzneri tissues was 22:6ω3 and the percentage of this fatty acid in S. patzneri tissues was significantly greater than in detritus or algal samples. In many marine fish, it appears that 22:6ω3 accumulates in tissues (Watanabe 1982) , which would explain the relatively high concen- tration of this fatty acid in S. patzneri samples. This highly unsaturated fatty acid may also be produced by fish via the elongation and desaturation of other ω3 fatty acids (Kanazawa et al. 1979) . Although it is possible that many marine fish lack the enzymes necessary for this conversion and rely solely on dietary sources of 22:6ω3 (Bell et al. 1986 ). In detrital samples, the likely sources of 22:6ω3 are microalgae (Viso & Marty 1993) and copepods (Lee et al. 1971) . However, the absence of copepod biomarkers 20:1 and 22:1 (Gatten et al. 1983 , Clarke et al. 1987 in detritus or S. patzneri tissues suggests that 22:6ω3 is primarily from microalgae. In summary, this study suggests that detrital aggregates are a major source of dietary fatty acids for the blenny Salarias patzneri. Similarities in the ratio of 16:1ω7 to 16:0 and the percentage of 18:2ω7 in S. patzneri tissues and detrital samples indicate that fatty acids from detritus and microalgae, in particular diatoms, within detrital aggregates are assimilated by S. patzneri. These results, in conjunction with those from acanthurids, suggest that detritus and associated microalgae may be important dietary constituents for fish that feed on the EAM. Consequently, the ingestion and assimilation of detrital aggregates by fish may represent a major pathway for the transfer of energy on coral reefs.
